On Vegetable Ferments by Green, J. R.
On Vegetable Ferments.
BY
J. R. GREEN, M.A., B.Sc, F.L.S.,
Professor of Botany to the Pharmaceutical Society of Great Britain.
DURING recent years so many investigators have beenoccupied with the study of the several enzymes existing
in various plants, and so many papers have appeared in
different scientific journals, that it seems desirable to collect
together the more important results that have been obtained
and to present them in something like a consecutive form.
This is the more needful, as the recent enormous develop-
ment of bacteriology has led to the isolation of many enzymes
from the so-called organised ferments, thereby opening to
discussion the reality or necessity of the division hitherto held
to exist between the latter and the enzymes themselves.
In the present paper the writer proposes to give some
account of the various vegetable enzymes now known to
exist; to review their general properties, mode of action, and
composition, and to discuss briefly their relation to the other
group.
Provisionally these bodies may be classified according to
the materials on which they work. We may thus make four
well-marked groups, excluding those which are obtainable
from micro-organisms as well as one or two whose action
has not been thoroughly investigated. These groups will be—
(1) Those which attack carbohydrates. These will include
the different varieties of diastase, the ferment transforming
inulin, the invertase which breaks up cane-sugar, the cyto-
hydrolysts attacking cellulose, and the ferment which forms
vegetable jelly from pectic substances.
[Annals of Botany, Vol. VII. No. XXV. March, 1893.]
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84 Green.—On Vegetable Ferments.
(2) Those which decompose glucosides, with formation of
sugar and various aromatic bodies. Of these the best known are
emulsin or synaptase, myrosin, erythrozym, and rhamnase.
(3) The proteo-hydrolytic group, including vegetable pepsin,
trypsin, and rennet, resembling very closely the animal en-
zymes bearing the same names.
(4) The enzyme that decomposes oils or fats.
Besides these well-marked groups, we have instances of the
occurrence of others whose action is more special and con-
fined to particular substances which do not seem to play
a very important part in the metabolism of the vegetable
organism in general. Such are the enzyme extracted by Lea
from the cells of Torula Ureae, which decomposes urea with
formation of ammonic carbonate, and that which according
to Springer J occurs in the stem of Nicotiana, and has the
property of decomposing nitrates and of forming butyric acid
at the expense of sugar. Lastly, we have the various enzymes
extracted from Bacteria.
These will be described separately and in order.
CARBOHYDRATE-ENZYMES.
Diastase. Recent observations made by several observers
lead to the idea that there are two kinds of diastase existing
in plants. The first of these has been shown by various writers
to have a very wide distribution in plant cells. Baranetzky
indeed suggests that it is universally present so long as the
cells are living. Kjeldahl2 found it in ungerminated barley,
where recently it has been investigated by J. O'Sullivan, and
by Brown and Morris3 who find it also in the young embryo.
Persoz and Payen4, von Gorup Besanez5, and others have found
it in germinating seeds of various plants, Kossmann6 and
1
 Nature, Oct. 16, 1884.
a
 Resume1 du Compte rendu des travaux du Laboratoire de Carlsberg, 1889, I,
p. 129.
3
 Journal of the Chem. Soc, June 1890, p. 505.
* Ann. de Chim. et de Phys. LIII , 18S3.
5
 Sitzber. d. phys. med. Soc. zu Erlangen, 1874.
6
 Bull, de Soc. Chim. de Paris, XXVII, 1877.
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Green.-—On Vegetable Ferments. 85
Krauch1 proved its existence in leaves and shoots, Bara-
netzky2 in buds and in potato-tubers. Recently Wortmann3
has denied its existence in leaves, attributing the conversion of
starch into sugar to the direct influence of the protoplasm of
the cells. Its existence there has however been reaffirmed by
Vines4 and others, who have criticised Wortmann's results.
It has been found by the writer in the pollen-grains of
several plants5.
This body has been investigated in gradually maturing
seeds of barley by Brown and Morris6, who show that it
makes its appearance in the developing grain at a very early
period and gradually increases until the endosperm is fully
developed, but the grain not ripened. Comparing the amount
formed at three periods, when the endosperm is half-developed,
when it has attained two-thirds of its development, and when
it is complete, they find the relative quantities may be repre-
sented by the figures 4-4. 7-8, and 9-9. It is most plentiful
always in the part of the endosperm nearest to the young
embryo and appears to prepare the material for the nutrition
of the latter as it is increasing in size. On germination, some
time later, the diastase appears in the young embryo, both in
the plumule and the radicle, though here the quantity is rela-
tively small.
Its action may be examined upon the starch-grains in
siiu, or it can be extracted by water or glycerine, and its
activity noted upon starch-paste, or on a preparation of
soluble starch. In the former case Brown and Morris describe
it as gradually dissolving the starch-grain from the outside
only, without giving rise to any pitting or corrosion, the size of
the grain gradually diminishing, while the shape and trans-
lucency are unaffected almost to the point of disappearance.
When a weak starch-paste, containing about 1 per cent, of
starch, is mixed with an extract of this form of diastase, it
1
 Landwirthsch. Versuchsstat. XXIII, 1879.
'' Die starkeumbildenden Kermente, 1878. 3 Bot. Zeitg., 1890.
• Brit Assoc. Reports, Cardiff, 1891: also Annals of Botany, V.
•> Ibid. 6 loc. cit.
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86 Green.—On Vegetable Ferments.
acts very slowly, producing gradually a liquefaction of the
paste and a subsequent conversion of the starch with sugar.
When allowed to act upon a true solution of starch, the so-
called soluble starch, the transformation into sugar is rapid.
The solution of starch can be prepared by the method of
Kjeldahl, by acting on starch-paste with a little malt-extract
and boiling the mixture as soon as liquefaction is complete,
or preferably by that of Lintner, preparing the solution by
acting on the starch-paste with dilute hydrochloric acid and
subsequently neutralising.
Another and more active form of diastase has been de-
scribed by several observers, notably Brown and Morris1 and
Haberlandt, as being formed at the onset of germination in
the seeds of several members of the Gramineae. To dis-
tinguish it from the former variety Brown and Morris have
given it the name of ' diastase of secretion/ the first being
called by them ' translocation-diastase.' They speak of it
as originating, shortly after germination begins, in the epi-
thelial cells covering the scutellum. The conversion into sugar
of the grains of starch in the endosperm starts just under
the scutellum and proceeds gradually towards the distal
portion of the seed. The mode of dissolution of the starch-
grains is essentially different from that caused by translo-
cation-diastase. They become irregularly pitted, the fissures
increase in number and depth, the outline of the grain be-
comes irregular and its laminae separate from each other, the
grain becoming completely disintegrated before it disappears.
The process is hence one of corrosion rather than of solution.
When a solution of this form of diastase is mixed with starch-
paste it rapidly liquifies it, converting it subsequently mainly
into sugar. Embryoes removed from germinating barley-
seeds and allowed to rest upon various preparations of starch-
paste, and of gelatin containing starch-grains in suspension,
were found to have a similar power of corroding and dis-
solving the granules, the latter undergoing the same changes
as in the uninjured germinating seed.
1
 op. cit.
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Green.— On Vegetable Ferments. 87
This form of diastase is absent from the resting seed and
only makes its appearance at the onset of germination. That
it is a true product of secretion is made probable by histo-
logical observations upon the epithelial cells of the scutellum
in which its formation is asserted. The authors say that ' the
histological changes in the columnar cells during germina-
tion are closely paralleled by those which occur in animal
cells while actively secreting, and in the glandular cells of
Dionaea muscipula under like circumstances, as determined
by Gardiner.'
The existence of these two forms of diastase has been
indicated also by Lintner and Eckhardt, in a comparison
which they have made of the diastatic power of raw and
germinated grain. They point out further differences between
them as to certain features of their action, particularly with
regard to the temperatures which are most favourable to their
respective action. The optimum temperature for malt-
diastase is between 50 and 550 C, while that for barley-diastase
is at least 5 degrees lower. The diastatic power of the latter
variety at 40° C. is as great as that of the former at 14-5° C.
Haberlandt1 contends that the diastase of secretion has
for its seat of formation also the so-called aleurone-layer of
the barley-grain. He describes the cells of this layer as
assuming in germination the general characteristic features
of glandular cells, and projecting in papilla fashion into the
interior of the endosperm. When this layer is isolated and
grains of starch laid on it, Haberlandt says it corrodes and
dissolves them. Brown and Morris dispute the accuracy of
his experiments, attributing the results he obtained in such
corrosion to the fact that the whole endosperm gradually
becomes permeated with the ferment discharged by the scu-
tellum, and that the cells of the aleurone-layer were conse-
quently in contact with a solution of the diastase on their
interior face.
Brown and Morris call attention to the fact that secretion
1
 Ber. der deut. botanischen Gesells., 8, 40.
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88 Green.—On Vegetable Ferments.
cannot be induced in the epithelium-cells of the scutellum
without previous expulsion of moisture.
The two varieties of diastase may be thus compared—
(1) Translocation-diastase.—Dissolves starch-grains with-
out corrosion; has a very slow action on starch-paste, though
it readily converts soluble starch into sugar ; works best at
a temperature of 45-500 C.; is much more energetic at a low
temperature than secretion-diastase.
(2) Diastase of secretion.—Corrodes starch-grains and
disintegrates them before solution; rapidly liquefies starch-
paste ; works most advantageously at a temperature of 50-
55" C
The action of diastase is one of hydrolysis. It is very
rapid up to a certain definite point, when the mixture is
found to consist of maltose and dextrin in the proportion of
about four parts of the former to one part of the latter. The
intermediate decomposition is of a very complex character.
The most recent hypothesis is that advanced by Brown and
Morris in 1889 1. They suggest that the starch-molecule has
a formula of 5(C12 H20Ol0)20 and is composed of five amylin
or dextrin-like groups, four of the latter being arranged about
the fifth. The first act of hydrolysis is the liberation of them
from one another, four of them, by successive hydrolysations,
being then converted through a series of amyloins or malto-
dextrins to maltose, while the fifth withstands for a long
time the action of the ferment. When the transformation
of the four groups is complete, the condition noted above
is arrived at, the proportion of maltose to dextrin being
as 4 : 1.
The products which are formed in the plant by diastase
have not been so completely examined. The final product
of the starch is apparently maltose, but very little is known
at present about the intermediate bodies by actual experi-
ment.
The conditions under which malt-diastase works most
1
 On the analysis of a beer of the last century : Transactions of the Laboratory
Club, No. 4, vol. I l l , February 1890.
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Green.—On Vegetable Ferments. 89
advantageously have been recently investigated by Effront1,
who finds that its action is favoured by very small traces of
mineral acids and by slightly larger amounts of common salt.
In the presence of certain other bodies he finds its hydro-
lysing power is very greatly increased, particularly salts of
phosphoric acid, certain compounds of aluminium, asparagin
and some proteids. Experimenting with 1 cc. infusion of
malt to 100 cc. starch-paste in the presence of these bodies
he finds the following yield of glucose per 100 parts of
starch:—
Malt-extract alone 8-63
„ „ with 7 °/o Hydric ammonic phosphate 51-63
„ „ „ -5 „ Calcic phosphate 46-13
„ „ „ -25 „ Ammonia-alum 56-3
„ ,. „ -25 „ Acetate of aluminium 63-4
„ -02 „ Asparagin 37
„ „ „ -05 „ Asparagin 61-2
Inulase. In various plants of the natural order Compositae,
notably the Dahlia, the Artichoke {Helianthus tuberosus) and
Inula Helenium, in different parts of their tissues, but especially
in the tubers or tuberous roots, the ordinary carbohydrate
reserve material takes the form of inulin and not of starch.
Inulin has been considered to stand in the same relation to
laevulose as starch does to dextrose. Starch is absent from
the parts of the plant which contain inulin and no doubt the
latter replaces it functionally. During the germination of the
tubers of the artichoke the inulin is found to give place to
sugar. During the slow maturation and the resting-condition
of these tubers no ferment capable of bringing about this
change can be extracted from them, but when germination
begins, evidence of the existence of such a body is not
lacking2. If the germinating tubers be minced or beaten up
in a mortar and the pulp extracted with glycerine, the latter,
when filtered till clear and mixed with a solution of inulin,
1
 Effront, Sur les conditions chimiques de l'action des diastases. Comptes
rendus, cxv. p. 1324. Dec. 26, 1892.
2
 Green, Annals of Botany, vol. I, 1888.
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90 Green.—On Vegetable Ferments.
gradually converts it into sugar. The stages of the decom-
position appear to be as complex as those noted in the
hydrolysis of starch, intermediate bodies with characteristic
reactions being present in the mixture. This transformation
has been found to be due to a special enzyme, to which the
name inulase may be given. It is a different body from
diastase, for it has no action upon starch-paste. Inulase is
present in the tuber in very small amount, and probably only
occurs at any moment in the cells in which the hydrolysis of
the inulin is actually taking place. Unlike the diastase of
secretion it gives no histological evidence of its formation.
Inulase is very sensitive to contact with acid or alkalis;
not only is its activity impaired by the presence of more
than a trace of either in the fluid in which it is working, but
exposure to -i per cent, of HC1 or 1-5 per cent. Na2 CO3
destroys it altogether. The destruction is more rapid at a
moderately high temperature (400 C.) than at a lower one
(10-15° C.). A trace of HC1, not more than -005 per cent, is
rather advantageous than not, but so slight is this acidity
that it may be said to work best in a neutral medium. Its
optimum temperature is 40° C., and like other enzymes it is
destroyed by boiling.
Invertase. Another enzyme belonging to the first group is
the body known as invertase, which is so named from its power
of inverting cane-sugar, or hydrolysing it into dextrose and
laevulose. Before cane-sugar can undergo alcoholic fermenta-
tion this preliminary change must be effected, and the yeast
itself which brings about the former decomposition also
causes the hydrolysis, a fact ascertained by Dubrunfaut in
1847. Hansen1 has shown that invertase is present in
several other micro-organisms; Brown and Heron 2 found it to
be present in the cold-water extract of malt; Kossmann 3
detected it in the buds and leaves of young trees, and Van
Tieghem 4 in the pollen-grains of certain plants. Bechamps
1
 Medelelser, 1888, 2. 143. 2 Trans. Chem. Soc. 35, 1879, 609.
s
 Comptes rendus, 81, 406. * Bull. Soc. Bot. de France, t. 33, 1886.
5
 M&n. Acad. Sci. 28, 347.
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Green.—On Vegetable Ferments. 91
found a similar body in the petals of Robinia pseudacacia
associated with another enzyme having diastatic powers. It
has been shown by Kjeldahl1 and by J. O'Sullivan2 to be
present in the embryo of germinated barley, particularly in
the rootlets, from which however it is by no means easy to
extract it. J. O'Sullivan finds it also in the plumule. Sachs
suggests its existence also in the wintering beet-root and the
fruiting spikes of Zea Mais. Wassezug3 has found it in
certain fungi of the genus Fusarum, which have the power of
growing in cane-sugar solutions, causing in them formation of
glucose. When the fungus is cultivated in bouillon made
from veal, he says it excretes a little of the enzyme into the
liquid at the period when it forms its conidia. Fernbach has
extracted it from Aspergillus niger*.
It is not confined to the vegetable kingdom, occurring also
in parts of the mammalian alimentary canal.
Various methods for its preparation have been given by
different authors. Berthelot obtained it in solution in i860,
and Hoppe-Seyler6 prepared it from yeast in the form of a
soluble powder in 1871. He killed the yeast with ether,
extracted it with water and precipitated the invertase by
alcohol. Other authors have modified the process in their
experiments, but their methods are based upon Hoppe-
Seyler's. Gunning6 extracted it from washed yeast by means
of glycerine. O'Sullivan and Tompson7 obtained it in
quantity by pressing good sound yeast for several weeks till
it liquefied, and then filtering off the liquor from the residue.
This filtrate contained all the invertase of the yeast, amount-
ing to from 2 to 6 per cent, of the dry solid matter of the
latter. From this filtrate they separated the enzyme by adding
alcohol to 47 per cent., when it was precipitated. To purify
it they washed it with spirit of the same strength, again ex-
1
 Resnme du Compte rendu des travaux du Laboratoire de Carlsberg, 1881.
3
 Transactions of the Laboratory Club, No. 5, vol. III.
3
 Ann. de l'lnstitut Pasteur, 1, p. 525, 1887.
* Ibid, 1889, p. 473.
5
 N. Rep. Pharm. 20, 764. 6 Ber. 5, 821.
7
 Journ. Chem. Soc, Oct. 1890, p. 834.
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92 Green-—On Vegetable Ferments.
tracted it with alcohol of 10-20 per cent strength and filtered,
when the filtrate was found to contain all the enzyme in a very
pure condition. It can also be prepared as a dry powder by
dehydrating the first precipitate and drying it in vacuo.
The action of invertase on cane-sugar maybe expressed by
the equation:—
C 1 2 H 2 2 O U + H 2 O = C 6 H 1 2 O a + C 6 H l s O 6
Sucrose Dextrose Laevulose.
It is a very unstable body and is easily damaged or
destroyed, the caustic alkalis even in very small proportions
being especially destructive, it resembles inulase in that a
very minute trace of mineral acid favours its activity, but a
very slight additional quantity is detrimental. The most
favourable amount of acidity, sulphuric acid being used1,
varies with the amount of invertase present, and with the
temperature of digestion. The more of the enzyme that is in
the solution, the greater is the amount of acid required for
the maximum effect. Thus with -4 per cent, of invertase
present, the optimum amount of sulphuric acid is 12-5 parts
per million of the solution; with 1-5 per cent, the amount
rises to 15 per million, the temperature being 56° C. If the
experiment he conducted at 15*5° C., when 1-5 per cent, of
invertase is used, the acid required is 75 parts per million,
while if 15 per cent, of the ferment is present, the acid must
be 25° parts per million.
The influence of temperature under these conditions also
appears from a comparison of these figures. Taking the
invertase present as 1-5 per cent., the amount of acid required
for the best results at 56° C. is 15 per million of solution, but at
15-5° C. it is 75 o r 5 times as much. Excess of acid, even of
very little, is prejudicial. Thus at 6o° C. an excess of only
a parts of acid per million lowers the rapidity of the action
elevenfold.
Alcohol exerts on the whole a deleterious influence,
varying in proportion to the amount present. With 5 per
1
 O'Sullivan and Tompson, op. cit.
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Green.—On Vegetable Ferments. 93
cent., the speed of the hydrolysis is reduced by one half. The
ferment is precipitated uninjured by 47 per cent, of alcohol,
but a larger proportion decomposes it, as when the resulting
precipitate is redissolved it is found to be inert towards
sucrose.
The optimum temperature for the action of invertase is
between 55 and 6o°C. At 650 C. it is gradually and at 750 C.
rapidly destroyed. Below the optimum temperature the
activity gradually diminishes.
Invertase works best in a cane-sugar solution of the con-
centration of about 20 per cent., the activity being slightly
lessened as the sucrose is increased in amount to 40 per cent.,
while in saturated solutions inversion proceeds very slowly.
The products of the inversion seem to have no inhibitory
influence on the working of the enzyme, a point in which it
forms an exception to the general rule. It is not exhausted
by its activity.
Fernbachr noted that his extract from Aspergillus was less
active in light than in darkness, and that the inhibitory effect
was the greater as the extract was made gradually more acid.
Cyto-hydrolytie Enzymes. In the endosperms of the Palms
the carbohydrate reserve materials take the form of cellulose,
the walls of the cells being so enormously thickened that their
cavities seem to be almost obliterated. As these walls gradually
disappear during germination it seems probable a priori that
the seeds contain an enzyme for its transformation into some
soluble product. Many observers have endeavoured to detect
the presence of such a body, either in the embryoes or the
endosperms of various species, but hitherto without success.
Most experiments have been conducted on the seed of the
date {Phoenix dactylifera). The well-known figure in Sachs'
text-book accurately represents the various stages in the
growth of the embryo, part of the cotyledon of which is
transformed into an absorbing organ, or haustorium, which
gradually softens, corrodes, and dissolves the hard cellulose of
the endosperm. A section of this haustorium shows it to be
1
 loc cit.
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94 Green.—On Vegetable Ferments.
covered with an epithelium, the appearance of whose cells
certainly suggests a secretory activity resembling that of the
scutellum of the barley. The outer walls of the cells com-
posing this epithelium are thicker than those of the similar
membrane of the latter, and it is difficult to see how the proto-
plasm contained in them can exert any direct action upon the
endosperm. This, together with the granular appearance of
the contents of the cells during the period of absorption,
certainly points to a secretory activity leading to the excretion
of an enzyme into the endosperm. The walls of the latter
become softened so as to be easily cut and are then irregularly
corroded and broken down. In another Palm {Livistonid)
this disappearance of the cellulose is associated with the
appearance of sugar, which can be demonstrated in the dis-
integrating endosperm and in the absorbing cells of the
haustorium. A little deeper in the tissue of the latter, starch-
grains make their appearance long before any leaf has been
developed in the young embryo. The endosperm-cells, when
extracted with the usual solvents, fail to yield any evidence of
the presence of an enzyme, nor is there any satisfactory proof
of the existence of such a body in the epithelium of the
haustorium, though certain experiments carried out by the
writer1 appeared to show that there was a trace of one
present. These results have not however been confirmed by
subsequent observers, and up to the present therefore the
search for a cytohydrolyst in the Palms has not been success-
ful, though probably only better methods of experiment are
required to establish its existence.
We have, however, evidence that the vegetable kingdom
contains such bodies, and that in probably not exceptional
cases.
De Bary in 1886 published particulars of some experi-
ments on the Pezizas of the Sclerotinia-group in which he
noticed a behaviour of the hyphae which suggested to him
the occurrence of an enzyme there. When he cultivated
these fungi on the pulp of carrots and turnips, he found that
1
 Phil. Trans, vol. 178 B. p. 57, 1887.
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Green-—On Vegetable Ferments. 95
the tissues became softened, the mycelium destroying the
cell-walls of the pith and cortex. The hyphae could be seen
growing between the cells and breaking down the middle
lamella. When the affected pulp of the carrot was pressed
so as to obtain the juice from it, the latter was found to
possess the property of dissolving cellulose. Pieces of vege-
table tissue placed in such expressed juice were almost dis-
integrated in a few hours, the cell-walls swelling and the
middle lamella being dissolved. The fluid expressed from
the sclerotia of the fungus was still more effective. De
Bary concluded the power of action was vested in an enzyme,
as the juice lost its property on being boiled.
In 1889 Marshall Ward, while pursuing some investigations
into the life-history of a Botrytis which was causing a parti-
cular disease in the Lily, seems to have met with the same
ferment *. The Botrytis was found to be capable of pene-
trating the cell-walls of Lilium candidum and of growing
freely inside the tissues. It is therefore parasitic as well as
saprophytic in its habit. Certain of the hyphae, on coming
into contact with any object such as a cell-wall, or a cover-
glass, swell at the tip and apparently pour out a somewhat
glairy fluid ; the hyphae branching at the same time below
the point of contact. If such a hypha does not come into
contact with anything, it gradually pours out a nearly
transparent viscid drop of fluid, the exudation lasting for
some hours. The drop gradually becomes very granular,
with brilliant refringent granules, and is found to give proteid
reactions. From large cultures of the fungus made in
Pasteur's solution a mass of such hyphae can be obtained, and
from such a mass a watery extract containing the dissolved
granular matter can be prepared. When thin sections of
parenchyma are placed in this and kept warm, the cellulose
is found to swell, show lamination, and ultimately undergo
solution. If the watery extract be poured into a large excess
of alcohol, a precipitate, partly crystalline and partly amor-
phous, rapidly forms. This can be separated by filtration,
1
 Annals of Botany, II. 2, 319, 1888.
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96 Green.—On Vegetable Ferments.
washed and dried, when it forms a greyish powder. This
powder is largely soluble in water and is partly composed of
the ferment. When an extract of it is allowed to act upon
parenchyma-cells the results above described are soon to be
seen, the ferment dissolving the middle lamella and gelatin-
izing the cell-walls. None of these extracts produced any
change in the parenchyma if they were boiled before the
experiment.
Marshall Ward is inclined to attribute the branching seen
in these hyphal filaments just below their attachment, to the
presence of the ferment. He thinks that it is caused by
a local action or accumulation of the enzyme softening the
wall of the hypha just below the apex, and the pressure
within then causing protrusion and so growth. Indeed he
thinks it possible that the apical growth of the hypha may be
attributed to a similar condition.
A similar cellulose-dissolving enzyme, or cytohydrolyst,
has been discovered by Brown and Morris in the germinating
barley-grain 1. During germination the cells underlying the
scutellum undergo a softening and partial dissolution of their
walls, becoming isolated from each other before their starchy
contents are attacked by the diastase. The cell-walls swell
and the several lamellae partially separate, showing marked
stratification. The lamellae gradually dissolve, the middle
lamella being the most resistant. Ultimately the wall under-
goes fragmentation and disappears. It is not till after a
certain amount of this action has taken place that the starch-
grains in the cells are attacked, but in the meantime newly
formed starch-grains make their appearance in the cells
of the scutellum part of whose function is absorptive. The
course of events appears to be the transformation of the
cellulose into some carbohydrate capable of dialysis, probably
some form of sugar, the absorption of this by the scutellum,
and the formation of the transitory starch at its expense.
The granular character of the protoplasm of the cells of
the epithelium of the scutellum has already been referred to
1
 op. cit.
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Green.—On Vegetable Ferments.- 97
in connection with the diastase formed there. The action of
the epithelium on the walls as well as on the contents of the
underlying cells suggests that it secretes a cytohydrolytic
ferment as well as a diastatic one.
To demonstrate the existence of this enzyme is not difficult.
If a cold-water extract of air-dried malt be precipitated by
excess of alcohol, the precipitate collected, dehydrated, and
dried in vacuo, it forms a white powder which is soluble in
water. If a solution of this be prepared and a section of a
barley-endosperm be placed in it, the dissolution of the cell-
walls proceeds just as in a germinating seed. Boiling the
extract renders it inert.
This extract will dissolve the cellulose of plants other than
the Barley, though it is not a universal solvent for this
material. It has been found to have no action on the cellu-
lose of the endosperm of the Date, nor on the parenchyma
of the Apple. It acts but slowly on the thickened cell-walls
of the endosperm of Bromus mollis.
Like other enzymes, it seems to work best in a very faintly
acid medium, formic or acetic acid being most favourable.
Though produced in the same cells as the diastase of secre-
tion the authors consider it to be a separate ferment. Its
action precedes the action of the diastase and the temperature
at which it is destroyed is lower. It becomes much injured
by exposure to 500 C, and almost paralysed if heated for half
an hour to 60° C. The diastase survives heating to 700 C., not
being perceptibly injured at that temperature. The details
of its action are not yet known ; probably it forms some kind
of sugar.
The histological changes noticeable in the cells of the
scutellum throw some light on the probable mode of secretion
in the vegetable organism. This point will however be treated
in more detail after examining other cases.
A difference between the cytohydrolytic and the other
enzymes treated of so far, may be noted here. Brown and
Morris call attention to the fact that it is only formed as the
food-materials in the secreting cells diminish, and that an in-
H
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crease of them inhibits the secretion. Marshall Ward noted a
similar fact in his experiments with Botrytis.
Pectase. One of the earliest known ferments of the vegetable
organism was described by Fremy in 18491. He says that
the cell-wall is largely composed of a substance to which he
gives the name of pectose, which differs from cellulose in many
of its reactions. Pectose, or pectin, by the action of an enzyme
existing in certain cells, can be converted into two gelatinous
bodies, pectosic and pectic acids. The transformation proceeds
by two stages, the two acids being formed successively. They
differ from pectin chiefly in the amount of water they contain.
Pectase, as Fremy calls the ferment, exists in two conditions
in the vegetable organism ; from the carrot and the beet it can
be extracted by mashing the roots and expressing the juice
from the pulp ; in acid fruits it exists in an insoluble condition.
If juices of the pulp of these be put into a solution of pectin,
they cause a very rapid gelatinisation, forming as before
pectosic and later pectic acid. From the juice of young carrots
pectase can be precipitated by alcohol. Its optimum working
temperature is 300 C, and it is destroyed by prolonged boiling.
It can work in the absence of oxygen.
A ferment of this kind is described by Wiesner a as obtain-
able from gum-arabic. He speaks of it as transforming
cellulose into gummy or mucilaginous substances. Reinitzer3
denies the cellulose-transforming power, and says that the
ferments extractable from gum are diastatic
GLUCOSIDE-ENZYMES.
The next group of ferments that we shall consider are
somewhat like the foregoing in that they aid in furnishing
the plant with a supply of soluble diffusible carbohydrate
material in the form of sugar. They differ however in their
1
 Ann. Chim. et Phys., Se"r. 3, vol. XXIV, p. I.
1
 Wiesner, Sitzungsb. d. k. Akad. d. Wissensch. in Wien, xcii, p. 140: also
Bot. Zeitg., 18S5.
3
 Reinitzer, Ueber die wahre Natur des Gummifermentes, Zeitschr. f. Phys. Chem.
1890.
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action in that they decompose certain complex bodies known
as glucosides, splitting off sugar from their molecules, but giving
rise also to a variety of other bodies, many of which, so far as
we know, are of no use in the nutrition of the plant. The pro-
cess which they set up is in most cases, like the former, one of
hydrolysis, the entry of water and the disruption of the mole-
cule of the glucoside taking place simultaneously. From the
greater complexity of the decomposition, Sachs is inclined to
look upon the two classes of ferments as radically different
from each other, but probably this is not the case, the com-
plexity arising from the nature of the body hydrolysed, the
ferment in both cases being responsible only for the actual
hydrolysis. Thus the action of emulsin, one of these bodies,
on amygdalin is expressed by the equation : —
Amygdalin Benzoic aldehyde Prussic acid Sugar.
The best known members of this group are the emulsin
of the bitter almond, the myrosin of the black mustard and
other Cruciferae, the erythrozym of the madder-root, and the
ferment found by Marshall Ward and Dunlop in the seed of
Rhamnus infectorius.
Emulsin has sometimes been called synaptase. It has long
been known to be present in certain species of Amygdalus and
Cerasus or Prunus, from which it can be extracted in the form
of a greyish powder. Its presence is associated with the forma-
tion of prussic acid, especially in the bitter almond and the
cherry-laurel. It decomposes the glucoside amygdalin accord-
ing to the equation just quoted. For a long time its distribu-
tion in the plant was uncertain, though it could be detected in
all the parts where metabolism was vigorous. In 186,5
Thome'1 made some experiments upon the sweet and bitter
almond, which led him to form the opinion that the enzyme
existed only in the bitter variety and was localised there in the
fibro-vascular bundles of the cotyledons. Portes2 in 1877
came to the conclusion that emulsin was confined to the axis
1
 Bot. Zeit. 1865, p. 240.
2
 Portes, Journ. de Pharm. et de Chimie, t. XXVI, p. 410, 1877.
H %
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of the embryo, and that amygdalin was only present in the
cotyledons. In 1877 Pfeffer1 gave as his opinion that both
ferment and glucoside were present together in the cells, the
former being in the protoplasm, the latter in the cell-sap. In
1887 Johansen 2 found that emulsin exists in both varieties
of the almond, and is distributed in the fibro-vascular bundles
and the cells abutting on them, particularly in those of the
cotyledons. He found amygdalin in the parenchyma of the
cotyledons of the bitter variety only. In 1890 Guignard3
published the results of a very careful research into the distri-
bution of the ferment in both the almond and the cherry
laurel. His work was partly based on micro-chemical
methods, while he confirmed his results by observing what
parts of the tissues had, when isolated, the power of liberating
HCN from a solution of amygdalin. In his work he quotes
two micro-chemical reactions on which he found himself able
to rely. One of these is the development of a violet colour in
cells containing emulsin when a section is treated with a
solution of orcin in hydrochloric acid. The second is the
behaviour of the same cells with Millon's reagent. Instead of
the pale brick-red or rose-red which proteids give with this
fluid, emulsin gives a much deeper and more persistent
orange-red colouration. Certain layers of tissue which gave
these colour-reactions were found, when very carefully isolated
by dissection, to be capable of liberating HCN from a weak
solution of amygdalin, and yielding at the same time the
characteristic odour of benzoic aldehyde.
Guignard found the distribution of the enzyme in both the
cherry-laurel and the almond to be in the neighbourhood of
the fibro-vascular bundles, but not in quite the same layer in
the two cases. In the case of the first named plant he pre-
pared it from leaves and twigs, and located it chiefly in the
endodermis. In the almond he only detected it in the seed
and young seedling, where it was chiefly in the pericycle of the
1
 Pflanzen-Phys., t. I, p. 307, 1881.
* Ann. des Sc, Nat. Bot. s£r. 7. t. VI, p. 118, 1887.
3
 Journal de Botanique, 1890, p. 3, et seq.
 at M
cM
aster U
niversity Library on A
pril 2, 2015
http://aob.oxfordjournals.org/
D
ow
nloaded from
 
Green.—On Vegetable Ferments. iot
fibro-vascular bundles of the axis and of the cotyledons. In
the axis he thought it extended also, though only to a small
extent, to the procambial tissues ; in the fibro-vascular bundles
of the cotyledons it extended to the endodermis, but the latter
contained very little.
Emulsin decomposes not only amygdalin, but many other
glucosides, including salicin and coniferin.
Myrosinis the characteristic enzyme of the Cruciferae, though
probably it is not confined to the plants of this natural order.
Cruciferous plants abound in very complex glucosides, which on
decomposition break up into sugar and various strongly-smell-
ing compounds usually containing sulphur. One of the most
commonly occurring ones is sinigrine or myronate of potas-
sium, whose decomposition can be represented by the following
equation:—
C10H18NKS2O10=C3H6CNS + C6H72O6 + KHSO4
Sinigrine Sulphocyanale Glucose Potassic hydrogen
of Allyl sulphate.
When the seed of the black mustard (Sinaflis or Brassica
nigrd) is bruised and treated with water the odour of the
sulphocyanate of allyl is easily recognisable. Both the myrosin
and the glucoside are contained in the seed, and the reaction
is the result of their being brought together by the solvent.
The localisation of myrosin has been the object of a very
elaborate research by Guignard x, who has investigated a very
large number of the genera and species of the Cruciferae. In
1886 Heinricher 2 showed that in many of the plants of this
natural order special cells, very variously distributed, could be
recognised by the peculiar nature of their contents. As these
gave very strongly-marked proteid reactions, he considered
them to be reservoirs of albuminoid material. By similar
tests to those he employed in the case of the cherry-laurel
and almond, Guignard identifies these as the cells that contain
the enzyme. They are recognisable by their finely granular
contents and by their being without starch, chlorophyll, fatty
1
 Journal de Botanique, Nov. 1890, p. 385, et seq.
2
 Mittheil. aus dem Bot. Inst. zu Graz, 1886.
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matter, and aleurone-grains, though situated in various regions
among cells containing one or more of these constituents.
They contain, associated with their protoplasm, a quantity of
amorphous proteid matter which is coagulated by alcohol and
then separates from the peripheral protoplasm in the form of
coarse granulated masses, which are coloured by Millon's
reagent a more vivid red than is the protoplasm. They can
be distinguished among the parenchyma-cells in which they
lie by staining with methyl-green and other anilin-dyes.
Usually they are very slightly larger than the surrounding
cells, being longer and less regular in shape.
Guignard finds these special cells distributed in all the parts
of the plant, those found in the seed being the richest in
ferment. In the root they exist in the parenchyma of the
cortex and of the bast; in some cases also in that of the wood;
in the stem they may be found generally everywhere, but
especially in the pericycle ; in the leaves they are disposed in
the same way as in the stems which bear them ; in the carpels
much as in the leaves; in the ovule especially in the external
integument. In the developing embryo these cells may be
first detected at the time when its tissues begin to receive their
deposits of reserve materials.
As in the case of the almond, the glucoside is deposited in
different cells from those which contain the enzyme.
Guignard demonstrated the presence of the ferment in these
cells most easily in the Wall-flower, where they form a readily
separable layer in the pericycle. Isolating this with great
care, and warming it with a weak solution (2 per cent.) of the
glucoside, the characteristic odour of sulphocyanate of allyl
was at once perceptible. He found throughout his experi-
ments that any tissue containing these cells could effect the
decomposition, but that if these were not present, the tissue
could not act upon the glucoside.
Myrosin appeas to be capable of acting on all the glu-
cosides which the various cruciferous plants contain, yielding
characteristic results in each case.
The optimum temperature for its activity is a little below
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Green.—On Vegetable Ferments. 103
500 C. ; above that point it is less powerful and is destroyed at
about 700 C.
The action of myrosin is peculiar, as the intervention of
water is not necessary for the decomposition which it sets up.
Rhamnase. A third ferment belonging to this group has
a more limited distribution than either of the two already
described. It occurs in the seeds of Rhamnus infectorius, the
so-called ' Persian berry,' a species whose fruits yield a yellow
dye. This ferment, which may be called rhamnase, has been
investigated by Marshall Ward and Dunlopx. The fruits
contain a glucoside xanthorhamnin, to which the formula
Q8H6(iO29 has been ascribed. When decomposed, it yields
rhamnetin or rhamnin and glucose. If the pulp of the fruits,
or an extract of the pericarp, is treated with an extract of the
seeds and kept at ^ C. for a short time, a copious yellow
precipitate falls, which consists of the rhamnin, the sugar
remaining in solution. Boiling the extract of the seeds
destroys its power of producing the precipitate. Very careful
histological investigations proved that rhamnase is confined to
the raphe of the seed, which is composed of parenchymatous
cells, containing a brilliant oily-looking, colourless substance.
The cells contain two or three large vacuoles, in which a few
brilliant granules can be observed. The glucoside, as in the
other cases, does not exist in the same cells as the enzyme,
but is confined to the pericarp and pulp of the fruit, in which
it is very abundant. The rhamnase can be extracted from the
raphe, either by water or glycerine.
Besides these glucoside-splitting ferments several others
are known to occur, but they have not been so completely
examined. The Erythrozym of madder-root has already been
mentioned. Others are referred to by Schiitzenberger2 as
being found in various plants. One of them is capable of
decomposing phillyrin, a glucoside present in the bark of
Phillyrea latifolia, and populin, from the bark of the Aspen.
Another splits up tannin into gallic and elagic acids and sugar.
1
 Annals of Botany, vol. I, 1887.
3
 On Fermentation. Internat. Scientific Series, vol. XX.
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It has quite recently been claimed by Sigmund x that these
enzymes have also the power of splitting up fats into glycerine
and free fatty acids. He says that he caused myrosin and
emulsin to act upon olive-oil in closed glass vessels at a tem-
perature of 380 to 40° C, and that gradually and continuously
free fatty acid was developed in the mixture, its presence
being demonstrated both by litmus and phenol-phthalein.
His mode of preparing the enzymes is, however, open to
criticism. He bruised seeds of the mustard in one case, and
of the almond in the other, with excess of water, and allowed
them to extract for twelve or fourteen hours. He then
decanted the supernatant fluid and added excess of alcohol,
throwing down a precipitate which he removed by filtration,
washed and dried at about 40° C. This method is hardly
likely to prepare either myrosin or emulsin pure ; if any other
ferment, e. g. a fat-splitting one, were present in the seeds as
well as the former, it would certainly be present in his dried
residue. Though hitherto no one has attempted to isolate
a fat-splitting enzyme from these seeds, there seems to
be ground for suspecting its presence, as both mustard-seeds
and almonds contain oil. Sigmund further states 2 that cer-
tain fat-splitting enzymes which he detected in various seeds,
as will be mentioned in connection with other researches on
this point3, were able to split up amygdalin and salicin. The
same criticism may be applied to this statement. The mode of
extraction was similar and it is at least possible that his residue
contained two ferments, rather than one as he supposes.
PROTEO-HYDROLYTIC ENZYMES.
The ferments or enzymes which effect the decomposi-
tion of proteids, and to which therefore the name proteo-
hydrolytic may be applied, have been the subjects of obser-
vation and experiment by many writers since 1875. The
1
 Sigmund, Beziehungen zwischen fettspaltenden und glycosidspaltenden Fer-
menten. Sitzungsberichte d. k. Akad. der Wissenschaften in Wien, Math.-Nat.
Classe, Bd. 101, May 1892.
2
 loc. cit. 3 Vide infra, p. 116.
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first work which calls for notice is that which was carried out by
Reess and Will1 of Erlangen on the leaves of Drosera rotundi-
folia. Working on the same lines as animal physiologists, they
treated the leaves with strong alcohol to dehydrate them and
then, after reducing them to pulp, they extracted them with
glycerine. This extract, made acid with dilute hydrochloric
acid, was found capable of dissolving swollen-up fibrin at a
temperature of 40° C, and the resulting liquid gave the re-
actions of peptone. Careful control-experiments proved that
the power was due to the presence of a soluble enzyme. In
1876 von Gorup-Besanez2 demonstrated the existence of a
similar body in the pitchers of Nepenthes, and his results
were confirmed and extended by Vines;) a little later. Since
that date proteohydrolytic ferments have been discovered in
several plants and have been more critically examined.
Writers on animal physiology have generally classified
these enzymes into two groups ; the first, of which the pepsin
of the stomach is representative, being capable of converting
proteids into peptones, probably by hydrolysis; the other,
illustrated by the trypsin of the pancreas, carrying the diges-
tion further, and decomposing some of the peptone into nitro-
genous crystalline bodies, chiefly amides such as leucin and
tyrosin. Both of these groups appear to have representatives
in the vegetable kingdom.
Pepsin. The members of the peptic group were the earliest
known. Such are the ferments of Drosera, Dionaea, Pinguicula,
and the other insectivorous plants, with probably those of the
pitcher-plants Nepenthes, Sarracenia, &c. Our knowledge of
the former group is due in greatest measure to the labours of
Darwin4.
The ferments in all these are secreted by the leaves, which
are furnished with glandular structures capable, on being
stimulated, of pouring out a peculiar secretion which possesses
peptic powers. When an insect, or a small piece of nitro-
1
 Bot. Zeit, Oct. 29, 1875, No. 44.
2
 Berichte d. deutsch. chem. Gesellsch. zu Berlin, May 32, 1876.
3
 Journ. Linn. Soc. Bot., vol. XV, p. 427. * Insectivorous Plants.
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genous matter, is placed upon a leaf of Drosera, the glands
quickly exude a somewhat viscid slightly acid fluid, at the
same time bending over to imprison the stimulating matter.
The surface and margins of the leaves are alike provided with
stalked glands, the secretion of the central ones being more
acid than that of those at the periphery. Darwin considered
the acid to be propionic, or else a mixture of acetic and
butyric acids. The ferment of the secretion acting in the
acid medium dissolves the nitrogenous body imprisoned by
the glands. Besides proteid matters, it can dissolve con-
nective tissue, cartilage, and gelatin ; but it has no action on
mucin. Besides resembling animal pepsin in the medium
in which it works and in the decompositions it effects as just
described, it is much like it in the conditions of its secretion,
being found in the exuded fluid only when the glands have
been stimulated by the absorption of nitrogenous matter.
The acid of the juice of Drosera is only developed under the
same conditions.
Darwin discovered that the same ferment exists also in the
leaves of Dionaea. These differ in the arrangement of their
glarids from those of Drosera; the leaves have their upper
surfaces covered with small almost sessile secreting glands
of a purplish colour. Like the leaves of Drosera, those of
Dionaea do not secrete anything until they are excited by
the absorption of nitrogenous matter. Then they pour out
a fluid which is colourless and slightly mucilaginous. It is
more acid than that of Drosera, and acts like the latter on
albumin. Pinguicula also secretes a similar body on the
edges of the upper surface of the leaf which folds over to
enclose its captives.
To von Gorup-Besanez1 and to Vines2 we are indebted for
our knowledge of the powers of the liquid in the pitchers of
Nepenthes. The former established the fact that the fluid
could dissolve fibrin when the latter was placed in it and
kept for an hour at a temperature of 40° C, the solution giving
the biuret reaction characteristic of peptone. The exact
1
 op. cit. * op. cit.
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nature of the action was however not investigated, and we can
say nothing more as to the various bodies formed in the
digestion. Vines carried the work further by showing that
the enzyme can be extracted from the walls of the pitcher by
dehydration and subsequent treatment with glycerine. The
action can only be detected when the ferment works in a
faintly acid medium, about -a per cent, of hydrochloric acid
being best. Vines' paper embodies further some experi-
ments made upon the pitchers with the view of ascertaining
in what condition the ferment exists in the pitchers when no
digestion is provoked. To this point we shall return later.
Krukenberg1 obtained a similar ferment from the plasmo-
dium of Aethalium septicum, one of the Myxomycetes. Be-
sides peptone, he found a body resembling an albumose in
the products of the digestion.
These ferments appear to resemble very closely the pepsin
of the stomach, and provisionally they must be classed with
it. In the characters of their action, their intimate associa-
tion with weak hydrochloric or other acid, and the materials
they can dissolve, the resemblances are striking. At the same
time it must be remembered that the various authors do not
quote any very detailed account of the bodies formed during
the action, leaving it therefore undetermined whether the
power of the ferment is sufficient to split up peptone into
amide-bodies.
Trypsin. Of the tryptic group the ferment which was the
first to be very completely examined is the so-called papa'in or
papai'ne. It has long been the custom of the natives of India
to cook certain fruits with tough meat to make it tender, and
curious stories have obtained currency with respect to the
powers of that of the Papau (Carica Papaya) in this connection.
Wrapping tough meat in the leaves of the plant, or even hang-
ing it under the tree has been said to have the same effect.
Three such fruits in particular have been used for the purpose,
the Papau, the Fig, and a variety of the Melon (Cucumis
utilissimus).
1
 Untersuch. aus dem physiol. Inst. der Univ. Heidelberg, Band II, Hft. 3, 1878.
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Underlying the curious stories current among the natives
as to the powers of these fruits, there has been ascertained to
exist in each of them a proteo-hydrolytic ferment. The
Papau was the first to be investigated, and to the labours of
Wurtz 1 and of Sidney Martin 2 we are indebted for a fairly
complete knowledge of its properties and powers. Wurtz
found that in the juice of the stem, leaves, and fruits of this
plant, an enzyme exists which digests various kinds of proteids.
It can be prepared by expressing the juice, precipitating
therefrom the enzyme in a very impure condition by strong
alcohol, dehydrating the precipitate and extracting it with
water. Wurtz considered it to be a proteid body; the ex-
tract containing it was neutral in reaction and became cloudy
on boiling. Probably his body was by no means pure,
judging from the method adopted to prepare it. It acted
rapidly in a neutral medium, dissolving animal proteids, and
forming chiefly peptones, but also crystals of leucin.
A much more complete examination of it was made in
1883 and 1884 by Martin. He prepared it from the com-
mercial papaine obtainable in the market, and found it to be
intimately associated with proteid matter existing in the fruit
or latex. In his experiments he used both animal and vege-
table proteids, and found it capable of digesting both.
Working on fibrin and on egg-albumin, Martin says that
the action is one of corrosion of the proteid matter, rather
than one of solution. In the experiments the fibrin was
gradually converted into a pultaceous mass, a good deal of
turbidity accompanying the action, just as in the case of
digestion of similar material by the trypsin of pancreatic juice.
The optimum temperature was $5° to4O°C, but at lower tem-
peratures such as 150 C, it was also active. He agrees with
Wurtz in finding that it will work in a neutral medium, but
says that the activity is much greater when a little Na2 CO3
(about -25 per cent.) is added. Greater alkalinity than this
is prejudicial, while very slight acidity, even -0,5 per cent. HC1.,
1
 Comptes Rendus, 1879, P- 225> '880, p. 1379.
2
 Journal of Physiology, vol. V, 1884.
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is inhibitory. The products of the digestion under the most
favourable conditions are an albumose, peptone, and both
leucin and tyrosin. No alkali-albumin is found as is the case
with pancreatic trypsin. Similar results were obtained with
the vegetable proteids existing in the papau-fruit.
This ferment was the first one known of the second group,
which may be called the vegetable trypsins.
The Fig, the second of these Indian fruits, has been exam-
ined by Bouchut1 and by Hansen2, who published his results
in 1884 and 1885. He discovered in it a proteohydrolyst
working best in an acid, but also, though less readily, in an
alkaline medium.
The third, the Cucumis utilissimus, Roxb., was investigated
last year by the writer 3, from a fruit which was grown at Kew
from seed sent over from India by Brigade-Surgeon Bonavia.
The ferment is found in the juice and pericarp, and is asso-
ciated there with a globulin-like proteid. It is most effective
in an alkaline medium, less so in a neutral one, and least of all
in the presence of acid. Like papai'n, it effects a very com-
plete decomposition of the proteid, giving rise to peptone and
later to leucin.
Besides these Indian plants, a proteohydrolytic enzyme
has been ascertained to exist in the juice of the pine-apple
(Ananassa sativa), attention being first called to it by Marcano
of Venezuela4 in 1891. The fruit was subsequently investi-
gated in some detail by Chittenden 5, and his results have
recently been published. The ferment exists in the unaltered
juice of the pine-apple, which is found to have a profound and
rapid digestive effect on such bodies as fibrin and egg-albumin,
converting them into proteoses and peptones with formation
of both leucin and tyrosin. It is hence a tryptic ferment like
papain. The powers of the juice are seen best in a perfectly
neutral solution, a little acid quickly diminishing its activity.
1
 Compt. Rend. July 1880.
2
 Biol. Centr. 1884, also Arb. d. bot. Inst. in Wiirzburg, iii. 18S5.
3
 Ann. of Botany, vol. VI, 1892.
* Bulletin of Pharmacy, vol. V, p. 77, 1891.
5
 Trans, of Connecticut Academy, vol. VIII, 1891.
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The acidity of the natural juice is equal to about an acidity
of '5 per cent. HC1 ; the proteolytic powers in such a juice
compared with those in a neutralised one being about as 3 :4.
Alkalinity is also harmful, -5 per cent. Na2CO3 hindering the
decomposition of the proteid, and 1 per cent, inhibiting it
altogether. The ferment, if freed from the salts, &c. present
in the natural juice, by precipitation by alcohol and subse-
quent solution in water, is still more sensitive to acid, being
quite without effect in the presence of -i per cent. HC1.
The temperature at which it has the greatest activity also
varies with the reaction. The natural juice works best at
40° C, and is stopped and the ferment destroyed at 70°.
The ferment in the neutralised juice continues active at this
temperature, and is not destroyed under 8o° C, its optimum
being between 500 and 60° C.
The ferment can be separated from the juice by several
methods, but none yield it pure, the proteids of the juice
being thrown down with it. It can best be precipitated by
saturating the juice with NaCl or MgSO4: less advantageously
by saturation with sulphate of ammonium, or by about 80 per
cent, of alcohol.
The part that these four proteohydrolytic enzymes play in
the metabolism of the plants in which they occur is not very
evident. The probability that such bodies have a good deal
to do with the processes of germination soon occupied the
minds of botanists, and such seeds as store quantities of
reserve proteids in their tissues were the subjects of research
for some years after the discovery that the ferments existed.
In 1874, von Gorup-Besanezx detected an enzyme in the seeds
of the Vetch, which has the power of forming peptone from
fibrin, and in 1875 he made known the existence of the same
body in the seeds of Hemp, Flax, and Barley2. He did not
indicate, however, what its action is on the reserve proteids of
the seeds. In 1878 Krauch3 criticised adversely his methods
1
 Ber. d. deutsch. Chem. Gesells. 1874, p. 1478. 2 Ibid. 1875.
3
 Beitrage zur Kenntniss der ungeformten Fermente in den Pflanzen, Berlin,
1878.
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of working and denied the accuracy of his results. There
seems from later researches no doubt however that von Gorup-
Besanez was in the main correct.
In 1887 the writer published' an account of some investi-
gations into the germinative processes of the Lupin which
established the existence of von Gorup-Besanez's enzyme, and
which pointed out the nature and conditions of its action, as
well as the value of it to the plant. The enzyme does not
exist as such in the resting seed, but makes its appearance at
the onset of germination. A very active extract can be pre-
pared from seeds which have been germinated four days.
The fleshy cotyledons, if ground and soaked with glycerine for
a few hours, give up to the solvent a quantity of the ferment,
which can be purified from the products of its activity by
dialysis. It works, unlike papain, most advantageously in an
acid medium, the degree of acidity most favourable being
•2 per cent. HC1, which is a little more intense than the
reaction of the germinating seed itself. It will not act in the
presence of alkalis, even though very dilute, and neutral salts
impede it. It is utterly destroyed by not very prolonged
contact with even dilute alkalis. Like other ferments it is
destroyed by boiling.
When a dialysed glycerine-extract is allowed to act on
fibrin in a parchment-paper dialyser kept at a temperature of
40° C, the extract and the external fluid being both kept acid
to the extent of •% per cent. HC1, the dialysate soon contains
peptone and leucin and tyrosin. In the digestion-tube there
can be found, besides the undigested fibrin, a certain amount
of acid-albumin, and some albumoses. The ferment, like
the ferment of pancreatic juice, apparently decomposes the
fibrin first into acid-albumin and proteoses, and later these
give rise to peptone, leucin, and tyrosin, following the course
of proteolysis suggested by Kuhne. Like the animal trypsin,
the process is rather one of corrosion than of solution. The
digestion contains, however, more proteose than is formed by
1
 Green, On the changes in the proteids in the seed which accompany germina-
tion, Phil. Trans., vol. 178 (1887), B. p. 39.
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112 Green.—On Vegetable Ferments.
the latter enzyme. The proteose is really a mixture of two
bodies, corresponding fairly well with Kuhne's hetero- and
dys-albumose.
When the proteids of the seeds are used instead of fibrin,
the course of the digestion is similar ; acid albumin, peptone,
and amide-bodies are produced, the latter including asparagin,
which does not occur in the digestion of fibrin.
The value of it to the germinating seed is therefore its
power to convert the stored proteids of the latter into such
bodies as can readily pass out of the cells in which the proteids
are deposited, and make their way to the growing parts of the
young seedling.
Besides the Lupin, this ferment is found to occur in the
endosperm of germinating seeds of Ricinus communis, the
Castor-oil plant V
Another proteohydrolytic ferment was described in 1892 by
Daccomo and Tommasi2 as obtainable from Anagallis arvensis.
It can be isolated under the form of a white amorphous
substance, easily soluble in water. If the fresh plant be
reduced to power and kept in contact with fresh meat or
fibrin at a temperature of 60° C. for four or five hours, the
authors say that it is considerably softened, though complete
disintegration is not effected in less than thirty-six hours.
The ferment is stated to have the property of destroying
fleshy growths and horny warts.
Eennet. Another ferment, which, from its resemblance to the
rennet of the animal organism, may be presumed to belong to
the class of proteohydrolysts, has been noted by many observers
as being widely distributed in the vegetable kingdom. Its
occurrence is much like that of the peptic and tryptic classes,
it being found in very various parts of different plants. Prior,
in his Popular Names of British Plants, speaks of a curious
property of Galium verum, which was noted by Matthioli in the
sixteenth century, who wrote of it,'Galium inde nomen sortitum
est suum quod lac coagulet.' Even now in the West of England
1
 Green, Proc.Roy. Soc. vol. XLVIII, p. 377.
2
 Abs. in Rev. de Therap. LIX, p. 470.
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it is the custom of dairymen to put this plant into milk to set
the curd ready for cheese-making. The active principle seems
to be located in the flowers, though the whole plant is used.
The power of curdling milk was stated by Linnaeus1 to
exist in the leaves of Pinguicula vulgaris, which he says were
used for that purpose by certain Lapland tribes. Pfeffer says
that they are also used in the Italian Alps to the same end.
Darwin noted that the secretion of the glands of Drosera had
the same power2. The latex of Carica Papaya, the bast of
the stem of Clematis Vitalba, and the petals of the artichoke
(Cynara Scolymus), also curdle milk, when allowed to remain
immersed in it.
The ferment has been extracted in recent years from a
large number of seeds, some before and others during germi-
nation. The fullest account of its properties has been given
by Lea3, who prepared it from the resting seeds of Withania
coagulans, a shrub which grows freely in Afghanistan and
Northern India. Withania is a genus of the natural order
Solanaceae, and has a capsular fruit, containing a large number
of small seeds. From these it can be extracted either by
glycerine or by a moderately strong solution of common salt.
It is destroyed by boiling, but it can withstand a moderately
prolonged exposure to alcohol. Its activity is about the same
as that of most commercial samples of animal rennet.
Martin 4 has shown that commercial papai'n contains rennet,
but he does not speak of its situation in the plant.
During the last few years the writer has met with vegetable
rennet in the seeds of Datura Stramonium, Pisum sativum,
Lupinus hirsutus, and Ricinus communis5, in the two former
in the resting, and in the two latter in the germinating condi-
tion. In Ricinus it does not exist in the resting state, but
the seed will then give up to an appropriate solvent a principle
in which the milk-curdling power can be developed by warm-
1
 Flora Laponica, 1737, p. 10.
2
 Insectivorous plants, 2nd edn., p. 94. 3 Proc. Roy. Soc. 1883.
* Journal of Physiology, VI, p. 340.
'- Green, On the germination of the Castor-oil plant, Proc. Roy. Soc, vol. XLVIII,
P- 391-
I
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ing with dilute acids. From the endosperm of germinating
seeds, the enzyme can be extracted by either salt-solution or
glycerine. It is associated with the trypsin already mentioned,
as well as with another ferment to be described presently.
The enzyme is often present in good quantity, or it has very
energetic powers, a glycerine-extract in one experiment curd-
ling two and a half times its volume of milk in five minutes.
The salt-solution extract acts much more slowly, neutral salt
being a hindrance to rennet, as it is to trypsin. Different seeds,
however, contain very varying quantities of the enzyme.
In the germinating lupin-seed, rennet exists side by side
with trypsin, but there is much less of it present.
The rennet from Ricinus is capable of acting in either acid,
neutral, or alkaline solutions. Too much acidity obscures the
action, as the acid itself tends to throw down the casein of the
milk.
The so-called ' Naras' plant of South Africa] {Acanthosicyos
horrida) also contains rennet in the pericarp, in the pulp, and
in the expressed juice, of its ripe fruit. It differs from the
examples just quoted in not having any in the seeds. The
enzyme in Naras is destroyed by boiling, but it will remain
for an almost indefinite time in the dried rind. It differs
from most ferments, according to Marloth, in being soluble in
alcohol of 60 per cent, strength.
Chittenden's proteohydrolytic enzyme in the pine-apple is
also associated with a rennet-ferment2.
GLYCERIDE-ENZYMES.
The transformations undergone by oils on the germination of
the seeds containing them have only recently been shown to be
the work of an enzyme. In 1871 Miintz3 showed that during
germination bodies make their appearance that are such as
would result from a splitting up of the oil, and suggested that
the embryo acts as a ferment and provokes the decomposition.
Schutzenberger4 in 1875, from observations on seeds crushed
1
 Nature, July 19, 1888, p. 275. 3 loc. cit.
3
 Miintz, Annales de Chimie, ser. 4, vol. XXII, 1871. * op. cit.
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Green.—On Vegetable Ferments. 115
in water, suggested that they contain a saponifying enzyme.
Such a ferment was described by the writer in 18901, as occurring
in the seeds of Ricinus communis during the period of germina-
tion. It can first be identified after a few days of that period
have passed, and the endosperm is seen to be in process of ab-
sorption. From such enlarged and swollen endosperms an
extract should be prepared by soaking them for twenty-four
hours either in glycerine or a solution of common salt containing
5 per cent. NaCl, with a trace of some antiseptic such as
KCN to prevent putrefaction. If the latter solvent be used,
when the liquid has been strained from the pulp and filtered, it
should be dialysed for some time to get rid of the greater part
of the salt,, as this impedes the action of the enzyme. The
extract will then be slightly opalescent or nearly clear, and
will contain a little proteid matter, coagulating on boiling.
When such an extract is mixed with twice its volume of an
emulsion of castor-oil (which should be made as thick as
possible to approximate to the conditions obtaining in the
cells of the seed), and the mixture is exposed to a temperature
of 400 C. in an incubator, an acidity is soon developed in the
liquid, which the addition of a few drops of litmus-solution at
once makes evident. If the operation be carried out in a
dialyser, the liquid outside the membrane does not share the
acidity, showing that the latter condition is due to something
that cannot diffuse out of the dialyser. This body can be
extracted from the contents of the latter by shaking them up
with -a per cent. NaHO, and filtering. If the resulting
alkalinity be neutralised with a mineral acid, a quantity of
fatty acid soon rises as a scum to the surface.
If the digestion be allowed to go on in the dialyser for some
days, glycerine can be detected in the dialysate.
If the extract be boiled before mixing with the emulsion no
such decomposition takes place. The transformation is there-
fore shown to be due to the action of an enzyme, capable of
splitting up oil into fatty acid and glycerine.
1
 Green, On the germination of the Castor-oil plant, Proc. Roy. Soc, vol.
XLVIII, 1890, p. 370.
I 2
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116 Green.—On Vegetable Ferments.
Miintz's suggestion that the embryo acts as a ferment is not
borne out by the facts. Neither the cotyledons nor the axis
of the embryo contains any enzyme, the latter being present in
the cells of the endosperm only. Its distribution is not limited
as is that of the ferments in the germinating barley-grain, but
extends throughout the whole endosperm, the part nearest
the cotyledons not being at first more attacked than the rest,
though the absorption of the reserve materials by the embryo
begins there and leads to the gradual destruction of the
endosperm from that side.
In the resting seed of Ricinus this ferment exists in the
condition of a zymogen; which can be transformed into the
active enzyme by the action of weak acids at 45° C. for about
three hours, or by the prolonged action of water at the ordinary
temperature.
The ferment, like so many of the others described, is found
to be very sensitive to changes in the reaction of the medium
in which it is working. It is most active in a neutral medium,
is hindered by -066 per cent., and stopped by -133 per cent.
HC1. With alkalis the hindering effect is not so marked, -066
per cent, of Na2 CO3 only retarding it slightly. A little less than
1 per cent, is quite inhibitory. The ferment is not destroyed
by the action of these reagents, for on neutralising the solution
it resumes its activity. It is, however, much more readily
damaged by acid than alkali, exposure to -i^ per cent. HC1
for three and a half hours reducing its activity nearly 90 per
cent, while -66 per cent. Na2 CO3 in the same time only
lessens its powers one-half.
The existence of fat-splitting enzymes has since been
demonstrated by Sigmund x in both resting and germinating
seeds of the Rape, the Opium Poppy, Hemp, Flax, and Maize.
His mode of experiment was to crush the seeds with water,
and estimate the free fatty acid in the resulting emulsion
immediately, and again after allowing it to stand twenty-four
1
 Sigmund, Ueber fettspaltende Fermente im Pflanzenreiche. Sitzungsber. d. k.
Akad. der Wissensch. Wien, Math.-Nat. Classe, Bd. XCIX, July 1890, and Bd. C,
July 1891.
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Green.—On Vegetable Ferments. 11 7
hours at a temperature of about 30° C. He found that the
resting seed contained a certain amount of enzyme, and that
this was increased at the onset of germination.
ENZYMES OF FUNGI.
The ferments existing in the lowlier plants have only within
recent years come to be regarded as corresponding to those so
far described. The old division into organised and unorgan-
ised ferments was held to be a very sharp and well-defined
one, and all the lower Fungi were classed with the former,
whatever their mode of action. That this view was not well
founded is evident from the facts that are detailed above as
to the existence of isolable invertase in Yeast and Fusarum,
and of the cytohydrolyst in Botrytis. To this point, however,
we shall return shortly. Another member of the yeast-family
contains a ferment which can be separated from it by appro-
priate treatment, and which therefore weakens further the old
distinction. This is the so-called Torula Ureae, which flourishes
in solutions of urea or in putrefying urine, on which it appears
to subsist, decomposing the urea with formation of ammonium
carbonate. It was first investigated by Miiller1, Pasteur2,
and Van Tieghem3, and later by Musculus4, and more com-
pletely by Lea5. The latter observer obtained from fer-
menting urine a copious development of the Torula, and found
that from the cells he was able to isolate an active principle
which was capable of decomposing urea in the way the un-
altered Torula did. The urine, with its contained organisms,
was precipitated by strong alcohol, dehydrated and dried. A
little of the resulting powder introduced into a a per cent,
solution of urea and kept at 38° C. gave an alkaline reaction
in a few minutes, and very soon caused a powerful odour of
ammonia to be noticed. The precipitate when treated with
distilled water gives the enzyme up to it, for when the un-
dissolved matter, consisting chiefly of the cell-bodies, mucus
1
 Joura. f. prakt. Chem. Bd. LXXXI, i860, S. 467.
2
 Compt. Rend. t. L, p. 869. 3 Compt. Rend. t. LVIII, p. 210.
1
 Compt. Rend. t. LXXVIII, p. 132, and Ibid. t. LXXXII, p. 333.
5
 Journal of Physiology, vol. VI, p. 136.
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11S Green.—On Vegetable Ferments.
from the urine, &c, is removed by filtration, the clear slightly
alkaline filtrate can decompose the urea just as the dried
powder can. By repeated solution and precipitation the
enzyme can be separated in a fairly pure condition, when it
appears as a white powder, soluble to a clear solution in
distilled water, and giving a very faint xanthoproteic reaction.
Its activity is destroyed by heating to 80-850 C.
If the original urine be filtered before the first precipitation
by alcohol, the filtrate contains no ferment, the enzyme re-
siding entirely in the cells. Until these are destroyed by the
spirit, the enzyme cannot be extracted, being apparently
unable to diffuse through the protoplasm and cell-wall. The
same peculiarity, it may be observed, is characteristic of the
Torula yielding invertase, which can only be extracted after
the death of the organism 1. The action is an intracellular
one only, the urea being absorbed and the ammonium car-
bonate excreted.
The action of the ferment of Torula Ureae is, like most
others, one of hydration; it seems to be concerned in the
active life and nutrition of the plant.
T H E ENZYMES OF BACTERIA.
In recent years several observers have been able to extract
from various other micro-organisms, especially bacteria,enzymes
which may be said to belong to one or other of the different
groups described. In 1887, Bitter showed that certain of these
forms produced some that could be separated from the microbes
themselves. He killed the organisms by sterilisation at 60° C.,
and ascertained that that temperature did not destroy the
enzymes, which continued able to liquefy gelatin and to pepto-
nise albumin. Hankin extracted from the bacillus of anthrax an
enzyme that is capableof formingalbumoses from fibrin. Several
toxic bodies of this class have been traced to similar agency, an
extract prepared from the organisms being capable of forming
them in the absence of the cells. The ordinary putrefactive
bacteria may excrete or yield an enzyme resembling trypsin in
1
 Lea, loc. cit.
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Green.—On Vegetable Ferments. 119
its action on proteids1. Sirotinin showed that culture-fluids that
had been filtered through porcelain could still liquefy gelatin.
The same microbe may secrete more than one enzyme, the
preponderating formation depending on the nature of the
medium in which it is cultivated. Thus Lauder Brunton and
MacFadyen2 isolated two such bodies from the same microbe,
one of a peptonising nature appearing most prominent when the
bacillus was cultivated in meat broth, and a diastatic one when
the culture-medium was starch-paste. These were two enzymes,
and not one with both powers ; the former being most easily
extracted. Acid favoured and alkalis impeded its activity.
Wood3 also identified two enzymes in each of four microbes.
These were Koch's cholera-bacillus, Deneke's cheese:bacillus,
Finkler's cholera-nostras-bacillus, and Miller's bacillus. The
two enzymes were a peptic and a rennet ferment, and were
prepared from sterilised culture fluids in which the various
microbes had grown. Wood found that the enzymes from the
different bacilli varied a good deal in their power of resisting
the influence of acid media, those from Koch's bacillus being
destroyed by very little acidity, while those from Finkler's and
Miller's bacilli could act in distinctly acid solutions. The two en-
zymes themselves showed a different power of resistance, a coa-
gulation of casein occurring when peptonisation was completely
inhibited. With carbolic acid the effect was exactly the reverse,
the rennet being destroyed before the proteo-hydrolytic one.
Wood noticed that the bacilli themselves showed a varying sus-
ceptibility to acids exactly corresponding to that of the enzymes.
When the cholera-bacillus is cultivated on starch-paste, it
can liquefy it and form sugar, but this power is not like that
of coagulating milk and peptonising proteid, as it cannot be
extracted from the cells, appearing to reside wholly in the
protoplasm. Wortmann4 has ascertained that certain bacteria
1
 Hiifner, Journ. f. prakt. Chem. Bd. V, 1872, S. 872. Hermann, Ztschr. f. physiol.
Chem., Bd. XI, 1887, S. 523. Salkowski, Ztschr. f. Biol., Bd. XXV, 1889, S. 92.
a
 Proc. Roy. Soc. XLVI, 1889, p. 542.
3
 Laboratory reports, Roy. Coll. Phys., Edinburgh, vol. II.
* Wortmann, Zeitschr. f. Physiol. Chem. VI, 1882, p. 287.
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120 Green.—On Vegetable Ferments.
exert diastatic powers on starch through excreting an enzyme
when starch-grains are their only available food. Bacillus
Amylobacter * breaks up cellulose by the same process, forming
bodies which are soluble in water. According to Fitz and
Hueppe2, the same bacillus excretes a rennet-enzyme when
cultivated in milk.
The most remarkable of these microbes is Bacillus mesen-
tericus vulgatus, which Vignal3 has shown to contain at least
five separate enzymes; diastase, invertase, rennet, a proteo-
hydrolytic one, and one dissociating vegetable cells by destroy-
ing the middle lamella. Though these all can be extracted
from the microbe, the proportions vary much according to the
culture-medium.
The possession of several enzymes by the same cell seems
at first rather strange, but we find the same thing in multi-
cellular plants. Thus the germinating lupin-seed forms three
enzymes in the cells of its cotyledons—rennet, diastase, and
trypsin; the castor-oil seed contains rennet, trypsin, and a
glyceride-enzyme. All appear to originate in these two cases
in the same cells. The animal organism also shows pepsin
and rennet existing together in the peptic cells of the stomach,
and three ferments in those of the pancreas.
The cells of the cholera-bacillus, as mentioned above, behave
very similarly to their enzymes with regard to their resistance
to acids. They show a similar correspondence as to their
optimum temperature for activity.
The influence of the mode of cultivation on the microbe in
the formation of the enzymes has been the subject of research,
but no very complete investigation has at present been made.
Flugge4 has shown that if oxygen be prevented access to
them during their growth, they do not excrete enzymes.
A suggestion has been made by Wood, in his paper referred
to above, as to the reason for the secretion of enzymes by the
bacilli he examined. In the absence of such a secretion the
1
 De Bary, Lectures on Bacteria, p. 69 and 101. a Ibid. p. 104.
3
 Contribution & i'e"tude des bactiriacees (These pour le doctorates-sciences
naturelles, Paris). * Die Micro-organismen, 1886, p. 470.
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Green.—On Vegetable Ferments. 121
protoplasm must be brought into as close contact as possible
with the nutrient medium in which the microbe is growing.
Its extreme susceptibility to acids renders this rather a
hindrance to the multiplication of the bacillus. An enzyme
excreted and effecting the changes in the medium without
such close contact with the organism enables the latter to
secrete a firmer and more resistant cell-wall, thereby pro-
tecting it from adverse influences. He bases this hypothesis
on noting the effects of acids on the organism when grown
anaerobiotically, or without secreting the enzyme, and when
cultivated under normal conditions.
The enzyme in most cases is more resistant to the so-called
antiseptics than is the bacillus producing it. Most of these
antiseptic bodies will enable an active ferment-extract to be
prepared while the organism is kept from developing. Wood
shows that the cholera-bacillus is an exception, one to two
drops of a 5 per cent, solution of carbolic acid in 10 cc. bouillon
destroying the enzyme but not damaging the organism.
ZYMOGENS.
Most of the enzymes hitherto described have only been in-
vestigated with regard to their distribution and behaviour, their
mode of formation being left undecided. Analogy with similar
bodies occurring in the animal organism suggests that they ori-
ginate in the condition of zymogen, or mother of ferment. So
far as histological evidence is available, their appearance in the
cells is strikingly like the corresponding process in animal cells,
pointing to their formation as granules from the protoplasm.
The existence of vegetable zymogens was first established
by Vines1 in his experiments on Nepenthes. He treated some
pitchers of this plant with dilute acetic acid (1 per cent.) for
twenty-four hours before extracting them with glycerine, and
at the same time extracted other similar pitchers with glyce-
rine without preliminary treatment with acid : the first extract
possessed greater powers of digestion than the second, leading
him to infer that, as in the secreting cells of the stomach and
1
 op. cit.
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122 Green.—On Vegetable Ferments.
pancreas, a zymogen is present in the glands of Nepenthes
which was converted into enzyme by the action of the acid.
The writer's experiments on the antecedent of the enzyme
in the resting-seed of the Lupin J also indicate a similar con-
dition in the cells, though its identification is not so easy, as
the acid treatment usually adopted for zymogen conversion is
not available. It was ascertained to exist as the latter by a
method adopted by Langley and Edkins 'l in their researches
on the relation of pepsinogen and pepsin in the gastric cells.
Inulase can be more easily shown to exist as a zymogen in
the resting artichoke-tuber. One method of preparing an
active ferment from the pancreas is to take the fresh gland
containing no trypsin and to keep it for some hours at a tem-
perature of 400 C. when it yields a considerable quantity. Some
pieces of full-grown artichoke-tubers were treated in this way,
being kept at ^ C. for twenty-four hours. An extract pre-
pared from them then was found to convert inulin into sugar,
while an extract made from other pieces of the same tubers
without warming was inert. When some of this latter extract
was warmed for a time with a solution of acid-albumin in
•2 per cent. HC1, some ferment was developed in it, though
less than was yielded by warming the tubers alone before
extraction as just described. The free-acid treatment alone
was not applicable in the case of inulase, as the quantity of
acid needed to convert the zymogen was sufficient to destroy
any ferment liberated from it.
The glyceride- and rennet-ferments of the castor-oil-seed
were also shown by the acid-method to exist in the zymogen-
condition until the onset of germination, the former of them
being convertible into the ferment also by the prolonged
action of water 3.
Brown and Morris4 mention that the secretion of diastase
by the epithelium of the scutellum of barley is increased
20 per cent, by the addition of very dilute formic acid.
Baranetzky found that a freshly-prepared extract of the
1
 op. cit. p. 50. 2 Journal of Physiology, vol. VII, pp. 3/1-415-
3
 Green, op. cit. * op. cit.
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Green.—On Vegetable Ferments. 123
leaves of Melianthus major was inactive on starch, but that
after standing a few days it had diastatic powers. He noted
the same thing in the case of potato-tubers.
Experiments of Reychler1, and of Lintner and Eckhardt2,
point to the existence of a zymogen in the cells of the grain
of wheat. They found that the action of a dilute acid upon
the gluten of wheat gave rise to a diastatic enzyme. Frank-
hause3 found further that in germination of barley small
quantities of formic acid could be detected in the grains.
This may be regarded as important in discussing the increase
of diastatic power attending germination, as it would probably
transform zymogen into ferment.
Though the results of histological examination of the cells
in which the various enzymes occur are not at all complete,
they point, so far as they go, to a similar mode of secretion
to that obtaining in animal cells, and hence indirectly to
an antecedent zymogen. Gardiner 4 has described the changes
in the cells of Dionaea muscipula in the states of rest and
activity : in the first condition the cells show a very granular
protoplasm lining the cell-wall, leaving a single central
vacuole, the granules being so numerous as to obscure the
nucleus which lies at one end of the cell. After stimulation
the leaves begin to secrete and continue to do so for twenty-
four hours. In this second condition, that of activity, the
protoplasm has lost its granularity, being clear and hyaline ;
the nucleus has come to occupy the centre of the cell and
strands of protoplasm connect it with the peripheral layer.
The same observer shows that the gland-cells of Drosera in
the resting state are much more granular than they are after
secretion.
Brown and Morris5 describe similar changes in the cells of
the epithelium of the barley-scutellum during the early stages
of germination. When this process begins, the protoplasm,
1
 Reychler, Ber. 22, 414.
2
 Lintner und Eckhardt, Zeitschr. fur das gesammte Brauwesen, 1889, p. 389.
3
 Frankhause, Der Bund. Berne 37, No. 36.
4
 Proc. Roy. Soc. 1883. s op. cit. p. 467.
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originally very finely granular and semi-transparent, becomes
much coarser in appearance, the granules increasing to such
an extent as to make the nucleus almost invisible. When
the endosperm is becoming exhausted of its reserve material,
the cell-contents clear again and become even more trans-
parent than they were at first. The process of secretion in
these epithelium-cells continues so long as they are supplied
with a flow of nitrogenous material from the endosperm across
the epithelium.
Marshall Ward : also calls attention to the brilliant re-
fringent granules in the cytohydrolytic drops obtained from
the hyphae of Botrytis, which appear to be secreted from
the protoplasm, as evidenced by their giving proteid reactions.
These granules only appear when the hyphae are secreting
the enzyme. Guignard 2 points out the granular character of
the cells secreting myrosin in the root of the horse-radish.
Similar granules occur, according to Marshall Ward and
Dunlop 3, in the cells of the raphe of the seeds of Rhamnus
infectorius, in which they located the rhamnase of that plant.
The same granular character occurs in the cells of the epi-
thelium of the haustorium in Phoenix and other Palms.
CONSTITUTION OF THE ENZYMES.
There has been much speculation as to the nature of the
enzymes and their zymogens. From the fact of their secretion
directly from the protoplasm and the histological changes ob-
served in the latter during the secretory process, the opinion has
been advanced that the zymogens are proteids from which the
enzyme arises by a decomposition consequent on oxidation4.
H eidenhain 5 suggested that the zymogen consisted of the ferment
in combination with an albuminoid body. By many observers
the suggestion has been made that the enzymes themselves are
proteid bodies. Loew holds that they are proteids allied to
the peptones, basing his opinion upon analysis of them6. In
1
 op. cit. 2 op. cit. 3 op. cit.
1
 Vines, Physiology of Plants, p. 193.
5
 Pfluger"s Archiv, 1875, Bd. X, p. 581.
6
 Pfliiger's Archiv, XXVII, 1882.
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support of the hypothesis of their proteid nature we have the
fact that when an extract containing an enzyme has all its
proteids removed by precipitation, the filtrate possesses little
or no ferment power, the latter being diminished in many
cases in proportion as the proteid is thrown out of solution.
This may, however, only indicate that the ferment is precipi-
tated with the proteid, and indeed it is known that quite inert
precipitates can carry enzymes out of solution with them, a
fact taken advantage of by Briicke in his process for preparing
pepsin. A more striking fact is that the temperatures at
which so many enzymes are destroyed correspond very
closely to the points at which proteids occurring with them
are coagulated. Chittenden calls attention to this point in
his work on the pine-apple1, and it has been noticed by
many writers on the animal ferments.
On the other hand, we have considerable evidence to show
that though associated with proteids in the cells, there is no
identity between them and the latter. Hartley has shown
that at least some of them do not act upon the spectrum in
the same way as proteids do ; chemical analysis too shows
them to contain less nitrogen than the latter bodies. Too
much stress should perhaps not be laid upon this fact, as we
have no evidence that the bodies analysed were the pure
enzymes. Evidence against their being proteids can be de-
duced from the modes of preparation which in some cases
have been found to yield them in very active condition, and
which present them in solutions giving very slight, if any,
proteid reactions. Briicke's method of preparing pepsin from
the stomach shows clearly that this at least is not a proteid.
We must admit, however, that they are in some way very
closely attached to such bodies, particularly to certain mem-
bers of the globulin-group.
In recent years one ferment has been the subject of critical
examination. O'Sullivan and Tompson, in their paper already
quoted, have published an account of a long series of experi-
ments that they carried out with a view to ascertaining the
1
 op. cit.
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composition of invertase, in the course of which they suc-
ceeded in obtaining it perfectly pure, and in investigating the
products of its decomposition. They conclude from their
investigations that this enzyme is a member of a homologous
series of bodies to which the name the invertan-series is given.
The series consists of seven members, a, /3, y, 8, e, £ and 77
invertan, which differ from each other in the proportion of
nitrogen which they contain and in their optical activity.
The highest member of the series, a invertan, is a more
stable body than the remainder and is insoluble in water.
The remaining six are freely soluble, the solutions being clear
but rather viscous ; they do not coagulate on heating. They
all agree in being colourless when dissolved, in not dialysing
and not crystallising. When alcohol is added to alkaline or
neutral solutions the latter become milky and the cloudiness
is not removable by filtration. Acids added to the milky
liquid cause precipitation. With copper-oxide in alkaline
solution, and in the presence of caustic potash, they all give
precipitates which are very bulky and almost mucilaginous.
Invertase itself, the authors consider to be the second member
of the series, /3 invertan, and on its decomposition it splits up
into the first and fourth members, the former containing more
and the latter less nitrogen than invertase. Their views of
the composition of the members of the series are, that with
the exception of the lowest they are all combinations of a
peculiar proteid yielded by the yeast-cells, to which they
give the name yeast albuminoid, with the lowest member,
?7 invertan, and that the latter body is itself probably a com-
bination of the same proteid with a carbohydrate, eighteen
parts by weight of the latter uniting with one part of the
albuminoid. A full discussion of their views will be found
in their paper alluded to x.
ACTION OF THE ENZYMES.
The action of these enzymes seems in nearly all cases to be
one of hydration, myrosin so far being the only exception. This
is undoubtedly the case in the simplest transformations.
1
 Journ. Chem. Soc, No. CCCXXXV, Oct. 1890, p. 835.
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Thus invertase sets up the action expressed by the equation
(p. 92) C12 H22 O u + H2 O = C6 H12 OB + C6 H u O6.
Emulsin (p. 99)
CM HiT NOU + a Hs O = C8H5 COH + HCN4-2 C6 H12 O6;
the glyceride-ferment (p. 114)
C67 H104 O6 + 3 H2 O = 3 CM Hs4 O2 + C3 H5 (HO), ;
olein oleic acid glycerine
the enzyme of Torula Ureae (p. 1 J 7)
CON2 H4 + 2 H2 O = (NH4)2 CO3.
nrea ammonic carbonate.
The action of diastase has been variously stated by differ-
ent authors, but all agree that the process is one of hydration.
The transformation brought about by the cytohydrolytic
enzyme has not been fully followed out, but it undoubtedly
leads to the production of some form of sugar. There is
a certain amount of evidence obtainable from a study of the
germination of the Palms, indicating successive hydrations of
the cellulose prior to its disappearance.
The relations of the proteids to the peptones and amides
springing from them is a much more difficult matter to deal
with. The knowledge we possess of the chemical constitution
of a proteid is so small that it is difficult even to speculate on
the nature of the changes which it undergoes in digestion,
while its molecule is so large that the possibility of its taking
up water in such changes almost escapes the power of analysis.
Several views have been advanced as to the relation of
ordinary proteids to peptones, the chief being that this is
either one of hydration, or that proteids are polymers of
peptones. In favour of the former view we have analogy with
the majority of the enzymes known, and the fact that peptone
agrees with the hydrated products of the latter in increased
solubility in water as compared with ordinary proteids.
Moreover it is possible by dehydrating agents to convert
peptone into a body resembling syntonin, which is itself an
intermediate product formed during the conversion of albu-
min or globulin into peptone. If 10 parts of dry peptone
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be taken and mixed with twice their weight of acetic anhy-
dride, the mixture then heated for a long time to 80° C., and
finally the excess of acetic anhydride distilled off and the
residue dialysed, it is found to be changed into a proteid
that is not diffusible, is soluble in dilute alkali, is precipitated
by acetic acid and potassic ferrocyanide, and by many metallic
salts, as ordinary proteids are. According to Hofmeister a
similar effect may be produced by prolonged heating to
] 400 C. The resulting brown mass contains a part soluble in
water and another not so, which react after the manner of a
globulin and a derived albumin respectively.
Other views of the relationship have been advanced, some
observers believing that peptones are isomers of proteids.
Adamkiewicz suggests that they differ in the removal of
salts, and a re-arrangement of the molecule. The most
recent hypothesis was put forward by Schtitzenbergerl last
year. He holds that peptone is a mixture which, by treat-
ment with phosphotungstic acid, can be separated into two
parts, one containing a little more oxygen than the other,
and both being urelde bodies. Fibrin, on the other hand, is a
kind of compound ether, which is saponified by the enzyme
and in taking up water splits into the two bodies found.
The transformation is thus one of hydration, being the result
of the decomposition of an ether by saponification.
The action of an enzyme appears to differ in no way from
an ordinary chemical reaction. Most of the changes that are
brought about by such bodies can be effected in the laboratory
by ordinary chemical processes, starch being hydrolysed to
sugar by dilute mineral acids, fats split up by alkalis or super-
heated steam, peptones formed by heating proteids to high
temperature in a Papin's digester. Invertase has been
specially investigated by O'Sullivan and Tompson 2, who find
that the rate of inversion of cane-sugar by it may always be
represented by a definite time-curve which ' is practically that
given by Harcourt as being the one expressing a chemical
change of which no condition varies excepting the diminution
1
 Comptes rendus, CXV, p. 768. - op. cit. p. 926.
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of the changing substance.' J. O'Sullivan also finds that the
hydrolytic action of yeast at the ordinary temperature follows
the same course as that of a simple chemical interchange,
while its rate differs from that at which the alcoholic fermen-
tation of yeast takes place. The fact that, the action of the
enzymes is always accompanied by an evolution of heat is
also evidence to the same end. Leax states, on the authority
of Hoppe-Seyler and other observers, that the heat of
combustion of the products of zymolysis is in all cases less
than that of the substances from which they are derived.
That we have to do then with an ordinary chemical
reaction leading to hydration and subsequent decomposition,
seems clear. What the exact nature of that reaction must
still be largely a matter of hypothesis. The first thing that
strikes an observer in this connection is the extremely small
amount of the enzyme that is needed to bring about the
transformation of an enormous amount of the body which it
attacks. Thus O'Sullivan and Tompson2 show in one of their
experiments that a sample of invertase induced inversion of
100,000 times its own weight of cane-sugar and that it was
not destroyed or even injured by its action. This latter
feature, which was first determined by Foster3 in the case of
salivary diastase, has been shown by many other observers to
be characteristic of other enzymes. Based upon these two
considerations we have the hypothesis that enzymic action
may be similar to the action of nitric oxide in the manu-
facture of sulphuric acid. Thus the ferment may be regarded
as carrying water to the initial body by uniting with the
latter, the combination now being capable of taking up water
and being thereby decomposed. The resulting products may
be only the hydrated body, or a number of bodies, while in
all cases the decomposition liberates the enzyme unaltered.
The decompositions we have seen are usually complex,
diastase giving rise to various dextrins and maltose; trypsin
1
 The Chemical Basis of the Animal Body, p. 75, 1892.
2
 op. cit. p. 927.
3
 M. Foster, On Amylolytic Ferments, Journ. Anat. and Phys., vol. I, 1867, p. 107.
K
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to proteoses, peptones and amides ; emulsin to several bodies
of which glucose is one. Though there is but little direct
evidence to establish this hypothesis, certain facts that have
been noticed lend a certain support to it. O'Sullivan and
Tompson *, in tracing the action of heat on invertase, found
that this varies greatly according to the presence or absence
of cane-sugar in the experiments. When no cane-sugar was
present, the enzyme was almost all destroyed by heating to
50° C, while in its presence this effect was not produced till
the temperature was 75° C, a difference of 350 C. The authors
advance as a possible explanation the view that the invertase
enters into combination with the sugar, and that the resulting
body can resist the heat more successfully than the invertase
alone. They hold that the combination is broken up when
the compound molecule meets with another molecule of cane-
sugar. A fuller discussion of their hypothesis will be found
in their paper already alluded to2.
Bearing on the same point is Chittenden's observation3
that if neutralised pine-apple juice be heated to 6o° C. in the
absence of any proteoses or peptones, the ferment is rapidly
destroyed, whereas this temperature is the one at which the
enzyme is most active if proteids be present during the
heating. Biernacke * found similarly that albumoses or
peptones raised the temperature at which trypsin is destroyed
by five degrees or more, and that while pepsin in the absence
of peptone was destroyed in acid solution by a temperature of
55° C. it was active after being heated with peptone to 700 C.
We may note in this connection too the possible significance
of the inhibitory effects of traces of acid or alkali in the
solution in which the enzyme is working. The minute trace
of the reagent seems to correspond to the extremely small
amount of the enzyme usually present, and it is at least
possible that it may work by entering into some combination
with the latter, the body formed not being capable then of
uniting with the substance which the enzyme would ordinarily
1
 op. cit. p. goo. a op. cit. p. 919. 3 op. cit. p. 17.
1
 Zeitschr. fur Biol., Band XXVIII, p. 49.
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transform. That acids and enzymes do unite we know from a
consideration of the relations between pepsin and hydrochloric
acid, the ferment being absolutely inoperative without the
acid. Biernacke has shown that when pepsin is heated in the
presence of •% per cent, of HC1 to 60° C. it is destroyed, and
that the same destruction is reached 50 C. lower if no acid be
present. He noted a similar relation between trypsin and
an alkali. Chittenden found that the trypsin of the pine-
apple will stand a higher temperature in neutral than in acid
solution. In this case the compound, if it exists, is less stable
than the enzyme alone.
Reviewing the actions of these various ferments, it is
apparent that they may be divided into two classes. One
set act only intracellularly and do not during their activity
leave the cells in which they are secreted. As examples of
these we have the ferment of the lupin, the invertase of yeast,
the urea-decomposing ferment of Tortila Ureae, and probably
the diastase of translocation. The others are secreted in
particular cells and are excreted by them to work upon
substances contained elsewhere. Such are for example the
ferments in the epithelium of the scutellum of the germinating
barley-grain, the glucoside-ferments described by Guignard
and by Marshall Ward, the ferments of Drosera and other
carnivorous plants.
The power of diffusion which these enzymes possess is very
slight. When extracted from the plants and subjected to
dialysis in ordinary vessels with parchment septa they cannot
pass through the wall of the dialysers ; they are able however
to make their way through the cell-wall of the cells in which
they are secreted. This need not be a matter of surprise
when we consider the extreme tenuity of the film composing
the wall, which cannot be approached by any membrane we
can use in laboratory experiments. The diffusion in the cases
mentioned may not however be an ordinary physical process,
as we have evidence that in many cases, especially in endo-
sperms, the cell-wall is perforated by very delicate strands of
protoplasm. The most recent theory of the composition of
K 1
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cell-wall also helps us to see a possible explanation of their
passage, protoplasm or proteid being held to be present in its
substance. That the protoplasm of the cell plays a part in
permitting or preventing the diffusion we see from the two
Torulas described, which retain their enzymes as long as they
are living, though the latter can be extracted after killing
the cells.
REACTIONS OF THE ENZYMES.
But very few reactions can be quoted by which to attempt
to identify these enzymes; indeed the manifestation of their
activity is at present the only reliable evidence of their presence.
From some observations Wiesner2 made on the behaviour of
diastase and pepsin, he gives as characteristic of ferments in
general a colour-reaction obtained by heating them with an al-
coholic solution of orcin in the presence of hydrochloric acid.
Treated thus, diastase gives a bluish violet, and other enzymes
give other colours. Further investigations into the behaviour of
ferments with hydrochloric acid show that this reagent colours
them differently. Thus Guignard2, on boiling 1 centigramme
of various ferments with 1 cc. of the pure acid, obtains the follow-
ing effects : diastase yields a red turning brownish, emulsin a
violet, papam an orange-red, trypsin a greenish-yellow.
These colour-reactions however prove not to be specially
characteristic of the ferments. Reinitzer3 has shown that
dextrin, maltose, and lactose, all give similar colours, and other
chemists have proved that the orcin-reaction is shared by
nearly all carbohydrates, and is due to the production of
furfurol. Udransky4 has obtained it also from various
proteids. Guignard, too, quotes the action of hydrochloric
acid alone on various proteids, showing that these give
colour-reactions much like those of the enzymes.
RELATIONS OF ENZYMES AND ORGANISED FERMENTS.
To complete the discussion of ferment-action it is necessary
to consider further the behaviour of the lower forms of plant-
1
 Sitzber. d. math.-naturw. Kl. d. k. Akad. d. Wiss. in Wien, July, 1885.
2
 Journal de Botanique, 1890, p. 393. 3 op. cit.
* Udransky, Zeitschr. f. phys. Chem. 1888 and 1889.
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life which are capable of setting up complex decomposition in
various substances, and which have been known therefore as
organised ferments. Is there anything special about these
that warrants their being still ranked as a separate class ?
They include a number of the lower fungi, the yeasts, and the
great class of so-called micro-organisms or Schizophytes. The
fermentations they set up are very varied, including the forma-
tion of alcohol from sugar, of various forms of acids from car-
bohydrate bodies, and the numerous products of putrefaction.
Nageli1, in his theory of fermentation published in 1879,
advanced reasons for considering them essentially different in
their action from the enzymes considered in this paper, laying
great stress on two points ; (1) that they had not yielded to any
extracting medium any thing that could effect fermentation
in the absence of the cells, and (2) that the products of their
action are ' without exception less nutritious compounds,' and
that they destroy the most nutritious substances.
We must remember in considering their action that the
micro-organisms are for the most part unicellular plants, and
that therefore the whole round of their metabolic processes
takes place in the same cell: the division of labour that
can take place in a more differentiated structure is here im-
possible. Krukenberg2 has shown that in the simplest forms
the process of digestion is an intracellular one, not dependent
on enzymes, but inherent in the protoplasm itself. Even in the
higher forms we find a great many instances of this power of
the protoplasm to effect chemical changes in the bodies with
which it is supplied. In the ordinary metabolic processes of
the vegetable cell we find it is the active agent, the chemical
changes taking place not in the vacuoles but in the meshes of
the protoplasmic network. Probably these are brought about
by repeated combinations and decompositions, in which its
own substance takes a leading part. We have evidence of
processes of oxidation and reduction taking place there,
leading to the appearance of various bodies ultimately be-
1
 Theorie der Gahrung, Munchen, 1879.
3
 Krukenberg, Vergleichend-physiologische Vortrage, Heidelberg.
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coming simpler and leading to the production of CO2 which
always accompanies the vital processes. In the case of the
alcoholic fermentation set up by yeast, Nageli suggests that
the living substance of the organised yeast-cell is to be
regarded as being in continuous and rapid molecular vibra-
tion, and the decomposition of the fermentable substance is
the result of the direct transference of these vibrations to the
sugar, by means of which its equilibrium is upset and it is
split into simpler and therefore more stable compoundsx.
But so great an authority as Pasteur regards alcoholic
fermentation as indissolubly connected with the vegetative
growth, multiplication, and metabolism of the yeast-cells.
Sugar is so only the food-stuff out of which the organism
obtains the material requisite for its metabolism and growth,
the products of the fermentation being thus as it were the
excretionary residues of the metabolised food. This is prob-
able also from the fact that for the alcoholic fermentation to
proceed, compounds of nitrogen must be supplied to the yeast
as well as carbohydrate, and that the products of fermentation
are not simply alcohol and CO2, but that a certain amount of
glycerine and succinic acid are also formed. What evidence do
we find of similar action taking place in the higher plants ?
Lechartier and Bellamy 2 as well as Pasteur have shown that
in certain ripe fruits alcoholic fermentation occurs. These
exhale CO2 in an atmosphere deprived of oxygen, sugar dis-
appearing at the same time and alcohol being formed. The
power of forming acids possessed by the fungus Mycoderma
aceti and various bacteria is shared by the cells of succulent
parenchyma. Though acetic acid is produced by the former
plant from alcohol, and the parenchyma appears to form the
acids it contains from sugar, the protoplasm in both cases
seems to be the active agent. No enzyme can be extracted
from the fruits alluded to which can form alcohol, any more
than it can from yeast. The acids formed in the normal
metabolism of the higher plants are not usually such simple
ones as are originated by the microbes. We find malic, citric,
1
 loc. cit. 2 Comptes rendus, LXIX, 1869.
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tartaric, &c, instead of acetic, lactic, butyric, &c. This may
however be due to the character of the metabolism of the two
classes of cells respectively, for the action is intracellular in
both cases. Alteration of the conditions in which the cells are
living may modify profoundly such metabolism, as we shall
presently see. The power of the protoplasm to effect the
disruption of carbohydrates is seen in the transformation and
reconstruction of the transitory starch which is constantly
going on in various parts of the higher plants, though no
doubt in many cases here diastase takes part. The same
power can be noted in the changes found to take place
among the various sugars that the higher plants contain.
Brown and Morris1 have shown not only that cane-sugar is
transformed into glucose and laevulose, but that it is also recon-
structed during the growth of the embryo when germination
has begun. They say that cane-sugar can always be detected
in the embryo when artificially nourished on various culture-
solutions, though not a trace of it be supplied in the culture-
medium itself.
From a consideration of these phenomena it seems difficult
to resist the conclusion that in both higher and lower forms
we have to deal with what has been called the fermentative
power of the protoplasm, and that the results that we note in
connection with the working of the so-called organised ferments
are only the expression of this activity, or in other words of
the varying metabolism of the cells. The lower forms do not
differ from the higher ones in possessing special powers, but
only in not being able, from their want of differentiation, to
show the division of labour which is so advantageous, if not
necessary, to the latter. All the metabolic processes must be
carried out in the unicellular organism in the same mass of
protoplasm.
Returning to Nageli's two points of difference between the
action of organised and unorganised ferments, we have seen
that the first of them can no longer be supported. From
bacteria enzymes of several descriptions have been isolated ;
1
 op. cit. p. 517.
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from yeast and at least two of the fungi, Fusarum and
Aspergillus, invertase has been extracted ; from Aethalium a
proteo-hydrolytic ferment has been obtained; from more than
one fungus a cytohydrolyst has been prepared. Though the
alcoholic ferment has not been extracted from the yeast-plant,
this proves to be no peculiar property of that plant, as it can-
not be isolated either from the fruits in which the formation of
alcohol occasionally occurs.
Nor is there the radical difference in the nature of the
products formed which Nageli maintained. Boehm1 and De
Luca2 have shown that if any part of a living plant he in-
sufficiently supplied with oxygen, hydrogen, and sometimes
marsh-gas are evolved from it. Boussingault3 and Schulz 4
have observed similiar phenomena. From plants containing
mannite also hydrogen is given off, while according to De
Luca5 acetic acid is formed from malic acid in the fruits, flowers,
and leaves of the Privet. In the decomposition of proteid
too Boehm * found ammonia exhaled. The condition under
which these results are obtained, viz. the lack of oxygen, is
the normal condition of many of the microbes, they being
anaerobiotic in their mode of life. When oxygen is present
we find the same agreement. The result of the action of in-
vertase is the same, whether that action be brought about by
living yeast, or by invertase extracted from a higher plant.
The decomposition set up by trypsin, in the formation of
albumoses, peptones, and amide-bodies, is similar to that
induced by some of the proteo-hydrolytic bacteria. Sachs
claims as a peculiarity of all fermentation set up by fungi that
CO2 appears as a bye-product6. This however we have seen
to be rather an effect brought about by an insufficient supply
of oxygen, and easily made evident under the same condition
in the fermentative actions of the protoplasm of the higher
plants also. We can see therefore that in both lower and
Boehm, Sitzgber. d. k. Akad. d. Wiss. in Wien, LXXI, 1875.
De Luca, Ann. d. Sc. Nat. Ser. 6, VI, 1878.
Boussingault, Agronomie, t. ill, 1864.
Schulz, Joum. f. Prakt. Chem. LXXXVII, 1862. 5 loc. cit.
Sachs, Physiology of Plants, Engl. transl., 1887, P- 349-
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higher plants we have to recognize essentially the same con-
stitution, the differences between them only depending on
differentiation, and consequent division of labour. In the
lowly forms the great prominence of their metabolic decom-
positions has obscured all their other functions, and they have
been therefore regarded as possessing special properties. In
the higher plants investigation has shown us that precisely
similar decompositions can be brought about, not now by the
whole plant-body, but by special cells or parts of it. The
agent in the decomposition is the same, the conditions similar,
and the resulting products are strictly comparable. Instead
therefore of speaking of organised and unorganised ferments,
we come to recognize in the effects of them both only the
power of the living substance to effect chemical change. In
its most primitive form this is always intracellular, and involves
the actual taking part in the decomposition by the protoplasm
itself. Just however as in the slow movements of amoeboid
protoplasm we recognize something which in the higher and
more differentiated organism appears as the contraction of
muscular fibre, so in this interaction we see a property which
becomes more highly differentiated in the formation of
enzymes, which work sometimes within and sometimes with-
out the cells in which they are produced, the latter being the
most specialised. The reason for the production of these
enzymes is not always evident; in many cases it has been
seen to be needful to induce decompositions at some distance
from the seat of their formation, as when the embryo secretes
them to acquire the contents of the endosperm in which it is
embedded ; in other cases, as in various microbes, it may well
be to enable the plant, as Wood has suggested, to protect
itself from adverse influence by forming a more resistant
cell-wall; in many cases of intracellular enzyme-action, how-
ever, the present state of our knowledge leaves the matter
unsolved.
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